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A SOLUTION TO NONLINEARITY PROBLEMS*

D.\\TD f-. NE L.FFEli

Los Alamoa Nat itmal Laboratoq. Los .Ilamos, Xlf S7345

Abstract Sew methods of coned ing dynamic nonlixwtrit iw rcwdt ing

from the mult ipok cent.em of a synt-hmtron or t rimsport line m= prmontrll.
In a simplest form, correction +ments n,rr plamcl at the rmwr ( (’} of
the accelerator half-wlls as w-11 u ntvtr th~ focusing ( F ) tmd IIt’f(wllsing
( D I q[wdrup(dm. III a first approxirnat ion. the correct or st rtwgr hs follow”

Simpwn. s I?ulr. foaning an wruratt= qlwi-locd cww=lling approximate inn
to the mmlinearlty. The F, C’. aml D corwrtors Inay ml.sohe lwP(l to (J)tiUII

lmw.iw m)nt r(d of tk Ilorizo[lt al. coIAplrd, and vmt ical mot ion. Corrwr ion
I)y thrw or Itlore :mlers of :llagrlitll(l~ call lw ohtft.ined, aml simple *)1111i01k4
to a fu:da,tmwd prolkn in Iwnm tmnsport have been (ht nimd,
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Previtwsly. sym-hrotr(m IIynmnirs wns (Il)lninatml l)y ili])[d~’. flll:Ll!I”Ili II ,1,’.

imnd first-orfier wxtupole r!ftvts, ilIl(! rorrc’ct~w t’!rm(’nr= lll’il L- f(~~vlsillg I k-I il:l, !

defocusing ( D ) quads were A’(l~liit tl. H(nvt=vcr. rorrwtors Iwnr thr ([lm(l.+ ;Iw

complrtcly ineffective for hight=r orks. Uef(me tIw (Iiscowrim tlmrrilxwl in tIlis

paprr. it w,as Iwlieved necessary to inclu(le internal hj. 1]I, wifl h.l 1ri;n ~x]ils iilf)li~

the h.mgth of cw.ry dipole for hwtil rancvllatitm of ll{mlin(’arit it’s. 2 H(m-m-t~r.*1IrlI

intcrmd coiL~ grwtly complicate tlw ~iii](k ,w1(l art’ irnpracticnl.

In Xftiy 19S7. the author considered rhe possil)ility of ill[.l~uli;lg ,xwrwtlw i:l

rhe ccntt=r i C’ ) of wwlerator h,alf-cells (sw Fig, 1 ) fimi inmnvlia:t~ly ,Iistx)vc’ri’,!

rnormous improwments, inclu(limq tlw Plinlinatirul of any mwl for illtcml;ii trilll

coils, J In further elaborations. the author and his rrdlalmrat ors IMVWi(um(l r]lnr
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EXAMPLES OF CALCULATIONS
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T.+ BLE I. Correct it-m in a snmplr lnrq~ rollidi=r lar riw, ralridativl
with 6“ = 10-4 cm-n in a lilrrirt, of wlls with f = 100 In. ti = 0.3°.
and o = 90°, Tdtmmm rt’(lllire thmr the rune sprcatl tm’r all
trajectories with .4=. .-! < 0.5 cm an(I Apip < zO. (N)l tw h-w th;m

1’0.005. Tht= correction acror is the rar io of ~mromecred to corrmmi
rune spreads.

S0 correction
F. D mdv

(~F=~.k~~=O.~)
F. C, D Corrwtion.

[~F = \~=l/6.f(=2/3)
(f~=jll = 0.1647.

J(.=o.t3571

So c(mm citm
F, D on]:

( fF=O.aJll = 0.5)
F. C, D Corm-tion

(~~=~D=l/6,~[.=2/3!
~F=().15S8.f[)=0 .1G86,

J-(.=0.6G14

().301 1.0
0.137 99-,-

(1,0041 73.1

().(.)006 300,0

().()(.)66 30.0

(),(.)001 ~()(-)o,-)

o.olci
().(13(3

l,:

5.3

().()23
().()213

().76

.-)(!()(N)
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l.he (F. C, D ) octupoies are appropriate el~ments for separated- fluwr itjll

control of the horizontal. coupled. and vmtical a.mplitude-dependent tune sllifrs.’ ~

whet her these terms come from ocruptde content. second-order .sextuptk, or

interaction region ( IR ) effects. Tile F and C iw D) oct upoles can also cent r[d

.secrmd-orrit=r chromaticity. Correction by several orders of magnitude i~ p(jssible,

ad b2 tolcrames can be increwd to ~ 10-2 cm -2.

VARIATIONS, EXTENSIONS, AND APPLICATIONS

f-anations on m-mrm-tor configurations havr also been studied.8 one irltmrsrill~

variation places two comw-tors in each half-d] at the locations for Gallssian

Qlladrature.6 It shows simi]m Au rormrtion. but inferior tunability ro riw [ F.

C. D ) rorrrction.

The strong focusing and large betatron functions in IR quads [naunify

nonlirws. iities rit her qu~i-locally within the IR ma~et a.mq- or rtmu)r~ly Ilsing

arc romrrtors,

.+lthough initial muluations wer~ of the SSC, the sarnc m~t.hmls ran and

should I)F npphr(l to FULy transpo~. with similar improverntmts. A key ingrmiirllt,



4, D. V. Xeuffer, NUCL Instnnn. # .14ethods A274,400(19S9).

5. E. Forest and J. M. Peterson. Proc. 1 W8 European Particle Accelerator

Conference, to be published.
6. D. V. Neuffer and E. Forest. Phys- Lett. .1 13S. 197 ( 19S9).
i’. D. V. NetMer, l%wc. Second IC’FA Beam flynarmc.~ Work.dop. CERX SS-04.

p. 179 (1988).
9. R. Talman. Proc. Second Advanced ICFA Beam Dynam:cs Work~hop, CERN

SS-04. p. 213 (1988).
9. SSC Central Design Group Correction Elements ~~orking Group. SSC Report

SSC-SR- 103S. February 19S9.
10. N. Xferminga and K. Y. Ng, Fermilab report F3i-505, February 19S9.
11. T. L. Collins, Fermilab report No. 84-114 (1984).
12. R. Bnnkmsnn and F. Willeke. Proc. Second Advanced I(7FA Beam Dynamac~

WorMop. CERX SS-04. p. 2CJ3( 1988).

13. RHIC Design Report. Brookhavcn National Laboratory report BSL-51932,
!tIay 1986.

f;


